




ZCC 54114 - Solid State Physics I
[Fizik Keqdaan pepejal IJ
Duration : 3 hours
[Masa : 3jamJ
Please ensure that this examination paper contains FIVE printed pages before you begin
the examination.
[Sila pastiknn bahowa kertas peperiksaan ini mengandungi LIMA muka surat yang
bercetak sebelum anda memulakan peperiksaan ini.J
Instruction: Answer FOTIR questions only. Students are allowed to answer all questions
in Bahasa Malaysia or in English.
[@: Jowab EMPAT soalan sahaja. Pelajar dibenarkan menjawab semua soalan






Describe briefly how the Bloch Theory of erectrons in a sorid improves on theSommerfeld Theorv.
[Huraikan trrori ringkas bagaimana Teori Bloch memperbaiki reoriSommerfeld.J
Q0t100)
state the Bloch Theorem for the wavefunction of an electron in a periodicpotential' Show ttrat the Bloch wavefunction is not an eigenfunction of thelinear momentum operator of the electron. Is the wavefunction of a free
electron an eigenfunction of its linear momentum operator ?[Nyatalran Teorem 
-Bloch bagi fungsi getombang suatu elektron di dalamsu7tu keupqtaan berkala. Tunlukkan bahowi fungsi gelombang auinadalah bukan suatu fungsi eigen bagi operatoi m"omentum rinear bagielektron. Adakahfungsi geroibang t"gi *"t" etektuo; bebas suatu fung'iieigen bagi operator momentum ltnear_nyi ?J
(40l100)
show that for a free electron gas in 3-D, the density of levels s@) is given
DV
where e" is the Fermi energy.






It ( 2m\'''s(e)=r7l7) t''' , e>o
g(e)=o , e<o
(40l100)
(a) Consider a 2-D gas of i/ free electrons at 0 K. Show that the total kinetic
energy [/, is given by







Describe briefly the uses of Bloch Functions and Wannier Functions in thetheory of solid state physics.
[Huraikan secara ringrms penggunaan Fungsi Bloch dan Fungsi wannierdalam teori fizik keaaaan pipeiatl
Qatrco)
Show that electrons which fill up an energy band completely do not contributeto the electrical conductivity of a solid. -use the r.ttii-.rurrical model of thedynamics of electrons in a solid.
[Tuniukkan bahana elektron elektron 4l:* suatu jalur tenagcr yang diisipenuh tidak menyumb_gng kepada konduhiviti erektrrk oagr iuaiu irpri"tGunakan modet iemi-kraik bigr irnamik ereknon daram suatu pepejar,J
(40/r00)
state the various types of perturbation Theory in euantum Mechanics. Give
91gmnl9s ofthe physical systems where perturbation theory must be applied.[Nyatakan jenis-jenis Teori (]sirmn datom Mekanik Kuantum. Berikanbeberapa contoh sistemfizik dimana teori usikan mesti digunakon.J
Q0/rc})
state the basic problem of time dependent perturbation theory. Describe themathematical steps to obtain a formula foi the transition probability for asystem to make a transition from state I to state k .
[Nyanlrnn probley asas bagi teori usikqn bersandqr pada masa. HuraikonIanglrah matematik untuk iendapatkan suatu formula bagi kebarangkalianperalihan untuk suatu sistem mengalir daripadn keodaanl tre keadaani I
(s0l100)
Describe how selection rules for allowed transitions and forbidden transitions
can be calculated when an atom interacts with electromagnetic radiation.[Huraikan bagaimarn_ peraturan pitihan t"gt pr;;inon dibenar danperalihan-terhalang bol:! dihitungkan apabila a"tom bersaling tindak arrgo,sinaran elehtromagnetilc.J 
(30/100)
Explain briefly the meaning of













(iD phonon density of levels
[ke tump at an p ar as fo nonJ
(iii) phonon dispersion relation




(b) Consider a one dimensional (l-D) crystal containing alternating ions with
massess m1 and nt2 . Assume that the ions only interact with their nearest
neighbours with a spring constant s. Show that the phonon dispersion relation
a;u is given by
[Timbangkan suatu hablur satu dimensi (]-D) dengan ion berselang yang
mempunyai jisim ntl dan m2 . Anggapkan tindakan bersaling di antara jiran
terdekat sahaja dengan paranxeter ketengangan s. Tuniukkan bahawa
hubungan sebaranfonon @6 adalah diberi olehJ
,i=;;lm,+n4x@groy1
where a is the distance between atoms.
[dimana a adalah.jarak antara atom.J
What is the main difference when compared with the dispersion relation of a
monoatomic crystal where n4, = n'tr?
[Apakah perbezaan utamq apabila dibandingkan dengan hubungan sebaran
bagi suatu hablur mono-atom dimana nt, = mr?J
(s0/1 00)
(c) The dispersion relation of a harmonic 1-D solid is given by




where a is the interatomic distance. Show that the phonon density of levels is
given by
[dimana a adalah jarak anfara atom. Tunjukkan bahawa ketumpatan paras
fonon adalahdiberi denganJ \/_
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